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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re PATENT APPLICATION of 

Applicant: Matthias HARTRUMPF 

Application No : PCT/EP99/00903 

Filed: February 11, 1999 

For: LASER SCANNER MEASUREMENT 

SYSTEM 

Attorney Docket: 31583-165338 



PRELIMINARY 

AMENDMENT "A" 



August 15, 2000 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Please cancel all of the prior claims and substitute therefor: 



14. A laser scanner measuring system comprising an emitter unit having a laser, a beam 
deflector unit and an optical emitter system which define a scanning beam path as well as a 
scanning plane; a receiver unit including a photo detector disposed in the focal plane of an 
optical receiver system for a receiver beam path, wherein the surface normal of said optical 
receiver system is parallel with the scanning beam path; a dark field stop disposed ahead of said 
photo detector in the receiver beam path in the focal plane of said optical receiver system; ahead 
of said dark field stop for splitting a partial beam from the receiver beam path; and a photo diode 
in said partial beam, said photo diode being disposed approximately in the focal point of said 
optical receiver system. 



15. A laser scanner measuring system according to Claim 14, wherein said emitter unit and said 
receiver unit are disposed on the same side relative to an object to be measured. 

16. A laser scanner measuring system according to Claim 15, further comprising a retro reflector 
unit arranged behind said object to be measured, when seen from said emitter unit, which retro 
reflector unit reflects any incident radiation back either in itself or with a parallel offset such that 
the receiver beam path will be located in a plane offset in parallel from the scanning plane. 

17. A laser scanner measuring system according to Claim 14, further comprising at least one 
retro reflector or a retro-reflecting marker disposed inside said emitter unit in a zone between 
said beam deflector unit and a beam-emerging site. 

18. A laser scanner measuring system according to Claim 14, further comprising one or several 
receiver units or retro reflectors are disposed at an angle different from 0° or 180° relative to the 
optical axis of the scanner unit in the scanning plane. 

19. A laser scanner measuring system according to Claim 14, further comprising an optical 
system arranged in the scanner beam path for splitting the scanning beam in the direction 
orthogonal on the scanning direction. 

20. A laser scanning measuring system according to Claim 19, wherein there is formed a grid 
having lines oriented orthogonally with respect to the scanning direction. 

21. A laser scanner measuring system according to Claim 14, further comprising an optical 
system arranged in the scanner beam path for splitting the scanning beam in the direction parallel 
with the scanning direction. 

22. A laser scanning measuring system according to Claim 21, where there is formed a grid 
having lines oriented parallel with respect to the scanning direction. 
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23. A laser scanner measuring system according to Claim 14, further comprising optical 
elements disposed in the illuminating beam path and/or the receiver beam path for radiation of 
different polarisation. 

24. A laser scanning measuring system according to Claim 23, wherein said optical elements are 
a polarising beam splitter, a Wollaston prism, a retarding plate of a Glan-Thomson prism. 

25. A laser scanner measuring system according to Claim 14, wherein filters selective in terms 
of wavelength disposed in the receiver beam path. 

26. A laser scanning measuring system according to Claim 25, wherein said filters are 
interference filters, color filters or cut-off filters. 

27. A laser scanner measuring system according to Claim 14, wherein a reference beam path is 
realised in the combined scanner/receiver unit, in the outside space or by means of a light guide, 
which is superimposed by the beam path coming from the object to be measured in such a way 
that the resulting interference pattern which varies locally and in the course of time is detected by 
means of at least one detector element. 

28. A laser scanner measuring system according to Claim 14 for application for control of a 
production process. 

29. A laser scanner measuring system comprising an emitter unit having a laser, a beam 
deflector unit and an optical emitter system, which define a scanning beam path as well as a 
scanning plane; and a receiver unit including a photo detector disposed in the focal plane of an 
optical receiver system for a receiver beam path, the surface normal of said optical receiver 
system being parallel with the scanning beam path, and said photo detector being a photo diode 
array or a position-resolving photo diode. 
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30. A laser scanner measuring system according to Claim 29, wherein said emitter unit and said 
receiver unit are disposed on the same side relative to an object to be measured. 

31. A laser scanner measuring system according to Claim 30, further comprising a retro reflector 
unit provided behind said object to be measured, when seen from said emitter unit, which reflects 
any incident radiation back either in itself or with a parallel offset such that the receiver beam 
path will be located in a plane offset in parallel from the scanning plane. 

32. A laser scanner measuring system according to Claim 29, further comprising at least one 
retro reflector or a retro-reflecting marker disposed inside said emitter unit in a zone between 
said beam deflector unit and a beam-emerging site. 

33. A laser scanner measuring system according to Claim 29, further comprising one or several 
receiver units or retro reflectors disposed at an angle different from 0° or 180° relative to the 
optical axis of the scanner unit in the scanning plane. 

34. A laser scanner measuring system according to Claim 29, further comprising an optical 
system arranged in the scanner beam path for splitting the scanning beam in the direction 
orthogonal on the scanning direction. 

35. A laser scanning measuring system according to Claim 34, wherein there is formed a grid 
having lines oriented orthogonally with respect to the scanning direction. 

36. A laser scanner measuring system according to Claim 29, further comprising an optical 
system arranged in the scanner beam path for splitting the scanning beam in the direction parallel 
with the scanning direction. 

37. A laser scanning measuring system according to Claim 36, where there is formed a grid 
having lines oriented parallel with respect to the scanning direction. 
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REMARKS 



The previous claims have been replaced by a set of new claims, all of which are free of 
multiple claim dependency. 

As there are now a total of 24 claims in this application, there is submitted the excess 
claim fee of $72.00. Should no remittance be attached or should a greater or lesser fee be 
required, please charge or credit our Account No. 22-0261 and advise us accordingly. 



Respectfully submitted, 



Mailing Address: 




Registration No. 18,03$/ 
VENABLE 
Suite 1000 

1201 New York Avenue, NW 
Washington, DC 20005-3917 
Telephone: 202-952-4800 
Telephone (direct dial): 202-962-4014 
Telefax: 202-962-8300 



VENABLE 

Post Office Box 34385 

Washington, DC 20043-9998 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In Re PATENT APPLICATION of 
Applicant: Matthias HARTRUMPF 

Application No: PCT/EP99/00903 
Filed: February 11, 1999 

For: LASER SCANNER MEASUREMENT 

SYSTEM 



Attorney Docket: 31583-165338 



PRELIMINARY 
AMENDMENT "B" 



August 15, 2000 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please amend the specification as follows: 

Page 1, lines 4 and 5, change "in accordance with the introductory clause of Claim 1 ." 
to - - of the type which has an emitter unit that is provided with a laser, a beam deflector unit 
and an optical emitter system which define a scanning beam path as well as a scanning plane, as 
well as a receiving unit that includes a photo detector that is disposed in the focal plane of an 
optical receiver system for a receiver beam path, the arrangement being such that the surface 
normal to the optical receiver system is parallel with the .scanning beam path. - -. 

Page 3, line 1, change "In correspondence with Claiml the" to - - The - -; 

lines 21 and 22, change " , in correspondence with Claim 2, by the provision that" 
to - - by providing - -; 

line 22, after "(sheet points)" insert - which - - ; 



line 26, delete " , in correspondence with Claims 3", change "G" to - - g - - . 
Page 4, re-write lines 17 to 20, inclusive, to read as follows: - - be measured can be 
implemented by arranging a dark stop ahead of the photo detector and by letting the electronic 
analysing system determine the points of time at which the radiation incident on the detector 
reaches a maximum level. - -. 

Page 5, line 10, delete "in accordance"; 
line 1 1 , delete with Claim 4"; 
line 24, delete "according to"; 
line 25, delete "Claim 5". 
Page 6, lines 4 and 5, delete " , in correspondence with Claim 6, " 

line 10, change "e" to - - be - -; delete " in an array according to claim 

5,"; 

line 12, delete "(cf. Claim 6)"; 

lines 20 and 21, delete " , in correspondence with Claim 7, "; 
Page 7, line 20, delete " , in correspondence with Claim 8, ". 
Page 8, line 4, delete " cf. "; [NOTE: Do not delete the opening parenthesis] 

line 5, delete "Claim 9,"; 

line 16, delete " (according to claim 10)"; 

line 30, delete "(according to claim 1 1)". 
Page 9, lines 1 1 and 12, delete ", in accordance with claim 12, ". 
Page 11, re- write line 17 to read as follows: - -The laser scanners according to the 
present invention are particularly suited for - - . 
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REMARKS 

The specification has been amended to eliminate reference to the oriignally- 
submitted claims and to make some minor editorial changes. 

Respectfully submitted, 



Mailing Address: 

VENABLE 

Post Office Box 34385 

Washington, DC 20043-9998 



I jgteoi 




reorge H. Spencer 
Registration No. 18,0$ 
VENABLE 
Suite 1000 

1201 New York Avenue, NW 
Washington, DC 20005-3917 
Telephone: 202-952-4800 
Telephone (direct dial): 202-962-4014 
Telefax: 202-962-8300 
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CERTIFICATION 



I, ANTJE KOPP, professional technical translator and interpreter, having suc- 
cessfully passed the State Examination for Translators and Interpreters of the Fed- 
eral Land of Bavaria, and duly appointed by, sworn to and commissioned by the 
President of the Landgericht [Regional Court] Muenchen I, 

residing at Taimerhofstrasse 10, D-81927 Muenchen and having my office at 
Richard-Strauss-Str. 56/IV, D-81677 Muenchen, Germany, 

do hereby declare that I am fully conversant with the German and English lan- 
guages, and that the attached English rendition of the International Application 
PCT/EP99/00903, entitled 



is, to the best of my ability and knowledge, a genuine translation, accurate in 
every particular, of the German text which is also attached. 



Laser Scanner Measuring System 
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Laser Scanner Measuring System 
Description 

The present invention relates to a laser scanner measuring system for measuring objects 
accessible from one side and/or having complex shapes or structures, in accordance with 
the introductory clause of Claim 1 . 



Prior Art 



For measuring bodies accessible from both sides telecentric laser scanners have been 
used multiply. Fig. 1 illustrates the principle of these scanners. The scanner unit (1) emits a 
laser beam (2) directed onto the opposite receiver unit (4). When an object to be measured 
(3) is not placed into the beam path the beam will arrive in the receiver without being influ- 
enced, and is detected there with a photo diode (6) disposed in the focal point of the optical 
system of the receiver (5). When the beam hits an object to be measured it is vignetted. For 
measuring, the laser beam is shifted in parallel with the line interconnecting the scanner 
and the receiver at a constant rate (scanning rate v s ). When the scanning rate is known it is 
possible to calculate the size of the object to be measured along a direction normal on the 
shifting direction by derivation from the beam vignetting period. 

The scanning rate can be taken into consideration according to the following methods: 

1. it is maintained constant, e. g. by means of an automatic controller, and this constant 
value is considered as a parameter in evaluation; 

2. it is measured. The measurement is performed, for example, indirectly via a measure- 
ment of the angular speed of the deflector unit in the scanner or directly by means of 
two photo diodes (7) invariably arranged in the scanner. The photo diodes detect the 
time of scan start (t start ) or of scan stop (t^p). The scanning rate is the quotient of the 
spacing of the photo diodes by the time difference between the scan stop and the scan 
start. The spacing of the photo diodes is determined by calibration. 

In other scanning concepts a specific diaphragm and two photo diodes are used, instead of 
one photo diode in the focal plane of the optical receiving system (EP 0 439 803). This con- 
cept permits the measurement of the shadow cast by objects having an extension smaller 
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than the beam diameter of the laser beam. To this end, the Fraunhofer diffraction pattern is 
analysed when the laser beam is directed precisely onto the object to be measured. This 
point of time is characterised by the fact that then the sum of both intensities is t a maxi- 
mum. The size of the object to be measured is then determined by derivation from the ratio 
of the intensities measured by means of the individual photo diodes by that point of time. 

Problems 

In the last analysis, the iaser scanners described above are only suitable for measuring 
objects accessible from both sides. On principle, all those properties can be measured 
which result in a complete vignetting of the laser beam by the object to be measured. Such 
properties are, for instance: 

the diameter in the case of solid rods, 

the maximum extension along the scanning direction (the direction in which the laser 
beam moves through the measuring field in the course of time) in the case of profiled 
bodies, 

the width of the teeth or the gaps between the teeth in the case of comb-shaped struc- 
tures. 

Properties of an object, which do not result in complete vignetting or in Fraunhofer diffrac- 
tion, respectively, or measuring objects accessible from one side only cannot be measured 
by means of telecentric laser scanners in accordance with prior art. 

The problem underlying the invention consists in the improvement of the laser scanner 
measuring system in such a way that it will be suitable for measuring objects accessible 
from one side and/or having complex shapes or structures. In accordance with the inven- 
tion, this is achieved by the laser scanner measuring system in correspondence with Claim 
1 . Expedient embodiments of the measuring system are characterised in the dependent 
claims. 

The Invention 

The subject matter of the invention is a laser scanner measuring system for measuring ob- 
jects accessible from one side and/or having complex shapes or structures, which is 
adapted to be configured. 
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In correspondence with Claim 1 the measurement from one side is achieved by means of a 
laser scanner measuring system which consists, for instance, of a combined illuminat- 
ing/receiving unit (cf. item 8 in Fig. 2). The laser beam, which is emitted from the laser 12, 
passes through the beam splitter 1 1 and arrives, via the deflector unit 10 and the combined 
optical emitter/receiving unit 13, in the outside space. When the laser beam hits on a re- 
flecting surface element of the object to be measured, which has a surface normal coincid- 
ing with the direction of the laser beam, the laser beam is reflected back into the receiver 
unit. It arrives, via the optica! system, the deflector unit and the beam splitter, on the de- 
tector 6. It is then possible to derive the position of this surface element with an orientation 
orthogonal on the laser beam from the measurement of the point of time by which the laser 
beam is reflected back. In this manner it is possible, for example, to determine the centre of 
a polished or glossy rod having a circular cross-section. 

The extension of objects having a dull surface can be measured if the scattering properties 
of the object surface can be distinctly distinguished from the scattering characteristics of the 
background 9. 

When the laser beam scans over an object surface having scattering properties varying in 
the measuring field the extension of zones having a distinctly different scattering charac- 
teristic can be measured. When the object has a dull surface in the solid state and a glossy 
surface in the liquid state, for instance, it is possible to determine the size of the liquid zone 
from the development of intensity versus time. 

The measurement of the beginning or the end of a scan can be achieved, in correspon- 
dence with Claim 2, by the provision that two retro-reflecting markers (sheet points) are ar- 
ranged in the scanner receiving unit. The points of time can then be detected by means of 
the receiving diode. 

When a retro-reflecting unit can be arranged behind the object to be measured, when seen 
in the direction of emission, in correspondence with Claim 3 (e. G. a retro-reflecting sheet 
9a, mirrored cuboid corner 9b or a "lens-type" retro reflector) it is possible to measure fur- 
ther properties of the object. The retro reflector unit reflects the impinging beams along their 
own extension or in the direction orthogonal on the scanning plane (defined by the optical 
axis of the laser scanner and the direction of movement of the laser beam) back into the 
scanner receiving unit with an offset. With special configurations or arrangements of the 
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retro reflector specific types of measurement can be implemented. The following particu- 
larly excellent embodiments should be mentioned here as examples: 

when the sheet reflector (9b in Fig. 2b) is used it is possible to determine the cast 
shade and to derive from the shade the outside contour of an object to be measured, 
which is practically accessible from one side only; 

other retro reflectors (in the form of two mirrors orthogonal on each other (cf. 9c in Fig. 
2c), prisms or retro reflectors consisting of a combination of two spherical lenses or cy- 
lindrical lenses, respectively, which is made reflective on the rear side (9d in Fig. 2d)) 
permit the measurement of the maximum or mean extension of the object to be meas- 
ured via the direction orthogonal in the axis of symmetry of the retro reflector, depend- 
ing on the dimensioning of the optical and electronic systems of the scanner system. 

Apart from the possibility to detect further geometric parameters of the object to be meas- 
ured or the possibility to measure objects accessible with difficulties only, an inventive array 
with retro reflectors offers the advantage that only one unit must be cabled. When a sheet 
reflector is used it is moreover not required to adjust the reflector unit. 

A very precise determination of the point of time by which the laser beam hits the object to 
be measured can be implemented by the provisions according to Claim 4 

that a dark stop is arranged ahead of the photo detector, and 

that the electronic analysing system determines the point of time by which the radiation 
incident on the detector reaches a maximum level. 

This technique of evaluation makes use of the diffraction of the limiting rays on the object 
edges. It is only slightly influenced by variations of the laser output and a variation of the 
intensity of the laser radiation in the course of the scanning operation. It can be realised 
with both a laser scanner with separate emitter and receiver units (cf. Fig. 3) and laser 
scanners comprising a joint emitter/receiver unit (cf. Fig. 4). In the latter case it may be ex- 
pedient to dispose an additional lens 16 ahead of the dark field stop. 

When telecentric laser scanners in correspondence with prior art are used to measure 
glass tubes malfunctioning may occur because there are three additional excellent beam 
paths, apart from the shade edges on the outside diameter, along which light arrives from 
the scanner unit in the receiver: 
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1 . tube centre: the tube produces the effect of a lens there, the central beam arrives on 
the detector practically without any weakening; 

2. two reflections on the inner wall: the radiation incident on the tube is refracted, when 
entering the tube, towards the centre of the tube, is reflected on the inner wall and un- 
dergoes further refraction when leaving the tube. The incident and emerging beams are 
parallel to each other at precisely two locations on the tube so that the beams can be 
detected in the receiver. The positions of these locations on the tube is dependent on 
the diameter, the thickness of the wall and the refractive index of the tube. 

The amplitudes of these signals is low in arrays in correspondence with prior art and yet 
they re suitable to interfere with measurement. One of the inventive arrays in accordance 
with Claim 4 leads to the effect that the reflections on the inner wall provide very well de- 
tectable signals with a high signal-to-noise ratio from which the wall thickness of the tubes 
can be calculated. These signals are appropriate for very good analysis by determining 
those points of time by means of the electronic analysing system by which the signal 
reaches local maximum levels. One method to this end consists in a verification of the fol- 
lowing conditions by means of the electronic analysing system: 

1 . The derivative of the signal presents a zero crossing; 

2. The signal exceeds the noise. 

When the times by which both conditions are satisfied are measured the diameter and two 
values of the wall thickness can be detected on glass tubes in a manner comparatively in- 
sensitive to interference. 

Interference may occur with this type of evaluation of the edges and the reflection when the 
measurement must be performed in a dust-loaded environment or in an environment pre- 
senting strong movements or turbulences of the air. In these cases a system according to 
Claim 5 can be employed to achieve a substantial increase of the robustness of the meas- 
urement. To this end the receiver beam path is split by means of a beam splitter 17 (cf. Fig. 
5 and Fig. 6) in such a way that one part of the radiation arrives on a photo diode with a 
dark field stop ahead of it, while another part of the radiation arrives directly on a second 
photo diode. The edges can be detected in the aforedescribed manner. The intensity 
measurement, which is additionally provided, is used to ensure that only signal maximums 
in the zone between the shadow edges will be used for evaluation. Interference caused by 
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striation in the air or by dust in the zone outside the shadow edges are eliminated by inhib- 
iting the evaluation as long or as or soon as the signal on the second photo diode exceeds 
a threshold (which can be set if necessary). 

An equivalent detection of the edge and reflection positions can be performed when, in cor- 
respondence with Claim 6, a photo diode array or a photo diode matrix is arranged, instead 
of one photo diode, in the focal plane of the optical system of the receiver or behind the 
beam deflector unit. It must be so disposed that one element of the array detects that frac- 
tion of the radiation which passes through the outside space without any interaction with the 
object to be measured. The signal of this element displays a development versus time 
which can also e detected with the second photo diode in an array according to Claim 5, 
but it has the double amplitude (since losses are not created on the beam splitter). 

When a position-sensitive photo diode (cf. Claim 6) is provided it is possible to measure the 
position of the shadow edges or of the inside reflections, and additionally the mean differ- 
ential angle of the surfaces of a partially transparent object to be measured, relative to the 
scanning direction and the scanning plane. The additional measurement makes use of the 
effect that the angle of the surface elements entails a deflection of the transmitted beam, 
which can be detected as level offset in the focal plane. 

A position-sensitive photo diode moreover permits the simultaneous detection of the reflec- 
tion on the object surface and of the tilting angle of the object relative to the scanning plane. 
To this end it is incorporated as a sensor in a receiver which, in correspondence with Claim 
7, is arranged at an angle different from 0° or 180° relative to the optical axis of the scan- 
ner. 

When two receivers are arranged on opposite sides of the object to be measured, at an an- 
gle relative to the scanning direction it is possible to measure objects to be measured which 
have an extension wider than the width of the scanned zone. When the receivers are ar- 
ranged, for instance, at an angle of + 90° relative to the beam direction a reduction by a 
factor of 2 05 is achieved for objects having a circular cross-section. This means that objects 
having an extension up to 1.4 times that of the scanned zone can still be measured. 

The arrangement of several (additional) retro reflector units on appropriate locations con- 
stitutes an equivalent, provided that a combined emitter/receiver unit is used (cf. Fig. 7). 
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The angle of the receiver or the retro reflector unit(s) relative to the scanning direction can 
be selected so as to vary the scale of reduction over a wide range. 

When several retro reflectors are used for measurement and arranged, for example, at an- 
gles of 180°, +90° and -90° relative to the scanner unit the centre and several points along 
the periphery of the object to be measured are obtained (cf. Fig. 7). On the basis of these 
values it is possible, for instance, to measure the variation of the shape of the object to be 
measured from the ideal shape. The measured object cross-section can be defined, for in- 
stance, by an ellipse. The variation of the cross-section from an ideal circular shape can 
then be determined from the parameters of the ellipse. 

When such an array is arranged with a scanner having a convergent or divergent emitting 
direction two tangents on the object to be measured can be determined from the limiting 
rays (shadow edges). Additional points on the object surface are obtained by an evaluation 
of the retro reflected beams. It is possible to determine the diameter and the position of the 
object to be measured in the scanning plane from these measured parameters. 

This arrangement entails further advantages when transparent tubes are measured. The 
distance between the rays reflected on the outside wall and the inside wall is substantially 
greater with this array than in the 180° array. It allows therefore for an improvement of the 
measuring precision or the measurement of thin-walled tubes, respectively. 

Further geometric characteristics of the object to be measured are accessible to measure- 
ment if, in correspondence with Claim 8, the laser beam is split by optical means (such as a 
grid disposed in parallel with the scanning direction) in a direction orthogonal on the scan- 
ning plane. When separate receivers are used a separate receiver is provided for each 
scanning line. When a combined scanner/receiver unit is used a grid is arranged preferably 
ahead of the beam splitter for splitting between the paths of the emitted and received 
beams, and splitting is performed by means of the grid. Then one respective photo diode or 
an element of a photo diode array is disposed in the path of the received beam in the focal 
point of the optical system per beam path to be evaluated. Due to the splitting of the scan- 
ning beam path into several partial beam paths it is possible to determine the development 
of the object geometry along the plane orthogonal to the scanning plane. With this provision 
it is possible, for instance, to detect reliably a conical extension of the object contour or a 
curvature of the object to be measured. 
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A wider angle between the partial beam paths can be achieved, if necessary, by the appli- 
cation of an optical cylinder system in the emission beam path. 

An extension of the measuring method becomes possible by an optical structural element 
for splitting a laser beam into several partial beam paths located in the scanning plane (cf. 
Claim 9, for instance a grid having lines extending orthogonally on the scanning plane). 

When the element is disposed in the zone between the laser and the focal point of the opti- 
cal scanner system several beams hit the deflector unit in the focal plane of the optical 
emitter system. As a result, the scanner unit emits several beam bundles. They are located 
in the scanning plane (the plane defined by the scanning direction and the optical axis) but 
they present angle relative to the scanning direction (which may possibly vary as a function 
of the site). These beams are vignetted, diffracted or reflected on the measured object. To 
this end there one photo detector or an element of a detector array must be provided there 
per partial beam path. It is then possible to measure the position of the object in the illumi- 
nated plane via an analysis of the shadow edges or the reflection or diffraction peaks, re- 
spectively, of the corresponding development of intensity versus time. 

The arrangement of polarising beam splitters in the beam path (according to Claim 10) 
permits the detection of the polarisation state of the detected radiation. In this way, those 
object properties can be measured which take different influences on the polarisation states 
of the transmitted beams. One respective additional detector element must be provided per 
measurand to be detected, in addition to the beam splitter. The object characteristic to be 
detected can be determined from the differences between the intensities. 

For birefringent or optically active sheets it is possible, for instance, to determine the length 
of the optical path and thus the thickness of the layer or the ability of rotation towards the 
optical axis. To this end a scanner with a circularly polarised laser beam is used, together 
with a polarising beam splitter in the emitter or receiver beam path, and for each for each 
partial beam path a photo detector (element) is disposed. 

Further additional parameters of the object can be measured, which take an influence on 
the polarisation of the transmitted radiation, provided that the radiation components of dif- 
ferent polarisations are split both in the emitter and the receiver beam paths. 

When in addition to this splitting (according to Claim 1 1 ) one or several filters are inserted 
into the receiver beam path, which are selective in terms of wavelength, it is possible to 
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measure the following parameters for substances (such as PET) displaying an intrinsic po- 
larised fluorescence: 

1 . position of the object and extension in the scanning direction, 

2. development of the 1 st momentum of the orientation distribution function, 

3. development of the 2 nd momentum of the orientation distribution function. 

In the case of PET the intrinsic polarised fluorescence occurs selectively in the non-crystal- 
line zones. These are decisive for the mechanical properties and for the receptivity for dyes 
of the object. Via a measurement of the momentums of the orientation distribution function, 
it is possible to use the aforedescribed system for a selective detection of the development 
and gradient of these parameters in the material. 

Further characteristic parameters of the object to be measured can be detected if, in accor- 
dance with Claim 12, two beam paths (the beam path coming from the object and a (possi- 
bly modulated) reference beam path or a second beam path passing through the object 
space or coming from the object) are superimposed in the receiver unit in such a way that 
the beams will interfere with each other. Depending on the configuration of this beam path 
and the signal analysis it is then possible, in addition to the detection of the aforedescribed 
characteristic parameters, to detect the spacing or the contour of an object to be measured 
along the direction of the optical axis, or to detect the velocity of the movement of the object 
to be measured through the scanning plane. When the retro reflector principle is applied it 
is possible to establish the reference beam path in the form of a Michelson interferometer, 
for instance, inside the combined emitter/receiver unit. In the event of application of a sepa- 
rate receiver unit the reference beam path (passing by the object to be measured) can be 
guided through the object space or by means of optical guides from the scanner to the re- 
ceiver. 

The aforementioned types of measurement may be combined with each other almost op- 
tionally. This can be realised in a particularly expedient manner when a modular system is 
provided which consists of a scanner head, a measuring module and possibly a receiver 
housing with the optical system. The scanner unit 1 consists of 

a laser (12), 

a deflector unit (1 0), and 
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an optical system 19, 

as well as the following additional components, if necessary (when the reflection or retro 
scattering is measured or when a retro reflector unit is employed): 

receiver module (20) 

scan start and scan stop reflector (14). 

The receiver module is provided with means for mounting detector modules thereon (cf. the 
schematic illustration in Fig. 11b), lenses or mirrors (items A to H in Fig. 11a) and beam 
splitters (cf. items St1 to St3 in Fig. 11a). Depending on the equipment of the receiver mod- 
ule and the selected arrangement various measured parameters can be derived. Some ex- 
amples thereof are listed in Table 1: 



Mode Receiver 


Object 


Parameters 


Element 


Item 


1 separate 


glass tube 


diameter, 


photo diode array D2 


A 


180° 




wall thickness, 










position of centre 






2 combined 


glass tube 


diameter, 


beam splitter 50% 


St1 






wall thickness, 


photo diode array D2 


C 






position of centre 






3 separate 


transparent 


position 


beam splitter polarising 


St1 


180° 


fibres 


diameter, 


annular photo diode D4 


B 






degree of polarisation 


photo diode D1 


C 


4 combined 


transparent 


position 


beam splitter 50 % 


St1 




fibres 


diameter, 


beam splitter polarising 


St2 






degree of polarisation 


annular photo diode D4 


B 








photo diode D1 C 




5 combined 


optically 


extension, 


beam splitter 50% 


St1 




active layers 


thickness of layer 


beam splitter polarising 


St2 








photo diode array D2 


B 








photo diode 1 


C 


6 combined 


rods, tubes 


diameter, 


grid parallel to 










scanning direction 


H 






conicality, 


lens 


B 






deflection 


beam splitter 50% 


St1 
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lens B 

beam splitter 50 % St2 

photo diode array D2 D 

photo diode array D3 E 

7 combined rods, tubes diameter, two-axis grid H 

position in the beam splitter St3 

scanning plane, iens C 

conicality, beam splitter 50% St1 

deflection, lens C 

velocity beam splitter 50% St2 

photo diode array D2 D 

photo diode array D3 E 

photo diode D1 F 

(active) mirror G 



Table 1 : Examples of different configurations of an inventive laser scanner measuring sys- 
tem 

In correspondence with Claim 13, inventive laser scanners are particularly expedient for 
application for controlling manufacturing processes as they detect relevant process pa- 
rameters which are then supplied as input signals to a process controller or automatic con- 
trol system. 
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Patent Claims 

1. Laser scanner measuring system consisting of an emitter unit with a laser, a beam 
deflector unit and an optical emitter system, as well as 

a receiver unit including a photo detector disposed in the focal plane of said optical 
system, which is provided for the receiving beam path, 

characterised in 

that said scanner unit and said receiver unit are disposed on the same side relative to 
the object, and 

that the surface normal of said optical system of the receiver is parallel with the emitting 
direction of said scanner unit, which means that the beam paths of said scanner and 
said receiver in the outside space present the same optical axis at any point of time, or 
that the axes are shifted in parallel relative to each other and in a direction orthogonal 
on the direction of movement of the laser beam. 

2. Laser scanner measuring system according to Claim 1 
characterised in 

that at least one retro reflector or a retro reflecting marker are disposed inside said scanner 
unit in the zone between the beam deflection system and the beam emergence site. 

3. Laser scanner measuring system according to Claim 1, 
characterised in 

that a retro reflector unit is provided behind the object to be measured, when seen from 
said scanner unit, which reflects the incident radiation in itself or with a parallel offset so 
that the beam path reflected back to said scanner/receiver unit is located in a plane which 
is offset in parallel from the plane which is defined by the scanning direction (the direction in 
which the laser beam is moved through the measuring field) and the optical axis. 

4. Laser scanner measuring system in accordance with the introductory clause of Claim 
1 or the Claims 1 to 3, 
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characterised in 

that a dark field stop is disposed in the receiver beam path in the focal point of the optical 
system of the receiver, behind which said photo detector is provided and the position of the 
shadow edges is determined on the basis of the point of time by which said photo diode 
detects a maximum intensity. 

5. Laser scanner measuring system according to Claim 4, 
characterised in 

that the beam path in the optical system of said receiver is split by means of a beam splitter 
disposed ahead of said dark field stop, and that in the second partial beam path a photo di- 
ode is arranged approximately in the focal point of the optical system of said receiver. 

6. Laser scanner measuring system in accordance with the introductory clause of Claim 
1 or any of the Claims 1 to 5, 

characterised in 

that a photo diode array (line of photo diodes, photo diode matrix or annular detector) or a 
position-resolving photo diode is used as photo detector. 

7. Laser scanner measuring system according to the Claims 1 to 6, 
characterised in 

that one or several receiver units or retro reflectors are disposed at an angle different from 
0° or 180° relative to the optical axis of the scanner unit in the scanning plane. 

8. Laser scanner measuring system according to the Claims 1 to 7, 
characterised in 

that an optical system is arranged in the scanner beam path for splitting the scanning beam 
in the direction orthogonal on the scanning direction (e. g. a grid having lines oriented or- 
thogonally with respect to the scanning direction). 
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9. Laser scanner measuring system according to the Claims 1 to 8, 
characterised in 

that an optical system is arranged in the scanner beam path for splitting the scanning beam 
in the direction parallel with the scanning direction (e. g. a grid having lines oriented in par- 
allel with respect to the scanning direction). 

10. Laser scanner measuring system according to the Claims 1 to 9, 
characterised in 

that optical elements are disposed in the illuminating beam path and/or the receiver beam 
path for radiation of different polarisation (e. g. polarising beam splitters, Wollaston prism, 
retarding plate and Glan-Thomson Prism). 

1 1 . Laser scanner measuring system according to the Claims 1 to 1 0, 
characterised in 

that filters selective in terms of wavelength (interference filters, colour filters or cut-off fil- 
ters) are disposed in the receiver beam path. 

12. Laser scanner measuring system according to the Claims 1 to 1 1, 
characterised in 

that a reference beam path is realised in the combined scanner/receiver unit, in the outside 
space or by means of a light guide, which is superimposed by the beam path coming from 
the object to be measured in such a way that the resulting interference pattern which varies 
locally and in the course of time is detected by means of at least one detector element. 

13. Laser scanner measuring system according to the Claims 1 to 12 for application for 
control of a production process. 
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